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E>.r  .OSIVE  BEHAVIOR  OP  DI^JITROTOLUEHE 
INTRODUCTION 

p 

In  earlier  worh  ,  we  quoted  a  Russian  review  which  stated  that 
Blinov^  had  shown  th  .*  ■  dinitrotoluene  (D?^P),  dinitrophenol,  and 
other  dinitro-cornpour. , :  of  aromatic  hydrocarbons  exhibit  Group  2 
explosive  behavior,  i.;.,  their  critical  dicuaeter  for  detonation 
increases  with  increasing  loading  density  (p.).  The  objective  of 
the  present  work  was  to  investigate  the  validity  of  that  reported 
behavior.  The  results  of  our  studies  of  the  detonation  velocity  (D) 
as  a  function  of  and  diameter  (d),  of  detonability,  ai^  of  shock 
sensitivity  are  reported  here.  They  show  clearly  tliat  the  explosive 
behavior  of  DNT  is  generally  that  of  Group  1,  not  Group  2,  materials. 
The  erroneous  statement  in  the  literature  resulted,  we  believe,  from 
an  improper  interpretation  of  experimental  observations. 

EXPKRII-5ENTAB 

Hie  explosive,  2,4-dinltrotoluene.  {NOj,)^  has  a  crystal 

density  of  1.52  g/cc  and  melts  at  70®C^.  By  airbitrary  decomposition 
mechanisms  a  and  b*,  on  a  per  gram  basis,  its  heat  of  detonation  Is 
89-825^  that  of  TNH,  and  the  volun»  of  its  gas  products  Is  the  same. 

It  would  be  expected  to  resemble  TNT  rather  closely  in  its  general 
behavior . 

Two  lots  of  2,4-dinltrotolucne,  tech.,  were  obtaimd  frcmi 
du  Pont;  they  satisfied  the  du  Pont  sales  specifications  of  IO/26/65 
for  this  material  (97-^  DIH'  or  better).  The  two  lots  were  given 
the  designations  1587  and  NI57.  They  had  average  particle  sizes  of 
150  and  550m.  respectively,  and  corresponding  pour  densities  of  O.7O 
and  0.57  g/cc.  Sieve  analyses  are  given  in  the  appeiKilx.  A  portion 
of  lot  3©87  was  used  to  prepare,  by  re -crystallization,  about  50 
pounds  of  fine  (5  to  ICp)  DNT;.  designated  as  X628. 

Charge  preparation  and  handling  were  identical  to  those  of 
previous  work.^  Charges  were  of  various  diameters,  20.32  cm  loz)g, 

*  a.  Formation  of  H2O,  CO2  in  sequence;  b.  formation  of  CO,  H2O,  COg 
in  sequence. 
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atnd  boosters  were  50/50  pentollte  (p^  =  1.56  g/cc)  of  the  saae 
diameter  and  5*08  cm  long.  “Hie  experimental  assembly  and  instru¬ 
mentation  for  detonation  velocity  n^asurements  {70nsn  sii»ar  can»ra 
with  writing  speed  up  to  ^ram/psec  or  ionization  probes  at  various 
stations)  were  also  the  san®^.  Record  reduction  was  carried  out  as 
in  the  previous  work  and,  in  addition,  small  corrections^  have  been 
made  to  the  optically  measured  D  value. 

REVIEW  OP  RELEVANT  PUBLICATIONS 

As  we  stated  above,  the  work  of  Blinov  and  his  colleagues  seems 
to  be  the  source  of  the  statement  that  dinitro-compounds  of  ar(»iatic 
hydrocarbons  exhibit  Groiip  2  behavior.  Although  we  still  have  not 
seen  Blinov’s  original  ;oublication^,  we  have  obtained  the  translation 
of  a  later  wozic^  which  claims  to  show  the  same  results.  Also  avail'* 

O 

able  now  is  tiM  translation  of  a  second,  earlier  paper  which  is  also 
a  study  of  dinltro  aromatics. 

*7  Q 

In  both  papers'*  Blinov  used  the  compression  (change  in  height) 
of  a  lead  cylinder  as  a  measiire  of  "explosiveness. ”  Moreover,  in 
1959»  he  states^,  “...the  explosiveness  of  dinitro  compounds  usually 
drops  off  with  increase  in  bulk  density. .  'Hie  lead  cylinder  test 
with  no  instrun«ntation,  in  particular  without  detonation  velocity 
measurements,  is  evidently  the  basis  for  assxnaing  a  trend  of  in- 
creswir^  critical  diameter  with  increasii^  density.  Bils  is  in¬ 
direct  evidence  very  like  that  of  a  plate  dent  in  the  gap  test. 

Such  evidence  has  already  been  showxi  unreliable  for  high  bulk  density 
nitroguanidine,  NQ-h^. 

Blinov  further  stated  in  1959  that  DNT  packed  In  paper  cannot 

be  detonated  without  use  of  a  booster  (at  least  of  pressed  tetryl). 

This  is  for  a  low  density  charge,  one  close  to  the  pour-density  of 

the  material.  The  work  was  carried  out  on  technical  grade  materials 

which  passed  a  No.  30  screen.  Similar  material  was  also  used  for 
7 

the  later  work  in  which  the  lead  cylirxier  values  of  Table  1  were 
given  for  various  confined  charges  of  DNT  at  0.6  and  0.8  g/cc  bulk 
density.  Blinov  states  that  they  confirm  "that  the  critical 
diameter  of  propagation  of  detonation  in  it  grows  with  an  increase  in 
density."  Ite  believe  that  the  data  of  Table  1  suggest  exactly  tl^ 
reverse  of  his  conclusion.  (See  discussion  below) 
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Our  technical  grade  DIJT  (X567)  had  a  pour-density  of  about  0.7 
g/cc  and  the  slave  analysis  shown  in  the  appendix.  In  lai’ge  diaseters 
(6.3  or  7*6005)  a  standard  pentolite  donor  initiated  reaction  for  un¬ 
confined  charges  0.7<Pq<  1.53  g/cc,  but  the  front  velocity  deci'eased 
as  it  propagated  and  was  not  a  detonation.  At  =  0.7  g/cc  the  front 
velocity  se€!r:ed  nearly  constant  and  at  p  =  1. 5  g/cc  no  reaction  was 
initiated,  in  the  gap  test  conflr^sjent,  chaises  at  -  1.0  aixl  - 
1-5  g/cc  did  detonate.  In  order  to  obtain  detonation  of  seller 
diameter  unconflr^d  charges,  it  was  necessary  to  use  a  fine  (-^ICli.) 

It  is  quite  easy  to  initiate  non-steady  state  reactions  in  granu¬ 
lar  charges  of  coarse  saterials  and  such  reactions,  as  ^  hai^  shown 
for  Nft-h,  are  powerful  enough  to  punch  or  dent  a  steel  witness  plate 
(or  flatten  a  lead  cylinder).  It  is  such  reactions  t^t  are  probably 
responsible  for  most  of  the  lead  cylinder  resiilts  of  Table  1.  Ti«se 
show  that  the  output  increases  with  p^  for  strong  confinement,  but 
shows  the  revert^e  trend  for  weah  confir*e!aent.  (hily  the  four  results 
marked  with  a  (c)  seem  to  be  possible  detonations,  and,  if  so,  these 
show  that  the  higher  density  favors  detonabillty  or  that  tl^  d  <»- 

creases  as  increases, 

®  10 

Finally,  in  yet  another  paper  ,  Blinov  cosmsents  again  that  he 
had  previously  established  an  increase  in  critical  diameter  with  an 
increase  In  loading  density  for  the  dinitro-eoapounds.  But  he  adds, 
^At  the  same  time,  upon  lowering  of  density,  failures  are  observed 
with  these  ii«thods  of  initiation  tliat  ensure  explosion  of  charges  of 
large  density."  However,  his  results  wre  confused  by  usij^  es¬ 
sentially  point  initiation  (both  boostered  and  unboostered)  on  large 
diameter,  shock  insensitive  materials.  Host  of  tiK  lead  cylij*ier 
results  on  the  weakly  confirted  charges  in  Table  1  seem  best  explained 
as  caused  by  a  sub-detonation,  reactive  shock,  possibly  in  sany  cases 
at  effective  dian^ters  below  the  critical  diameter  for  detonation. 

The  opposite  trends  (with  density)  found  for  such  a  reactive  shock  as 
c^pared  to  time  detonation  are  analogo\»  to  those  demonstrated  for 
m’h.^ 


h 


FESSS^  HSSuISS 


l3et<Kiation  Vgloclt?. 

Because  it  vas  l^^sslble  to  initiate  detcsiatics*  of  tl; 
fii^  coarse  (253?)  In  charges  snail  to  handle  s< 
in  033*  facilities,  ^  ootals^  a  batch  of  vei^  fiiie  I 


tise  »siC€si- 
c^^nlentlg^ 
mi  (xBSo) 


to  use  for  srst  of  tSse  optical  iKsrs.  ^l^itj  neasur^ents  are 

listed  in  5^1e  2-  Fig.  1  shoses  extrapolatiiss  of  tbs  B  vs 

data  to  infinite  dlaseter  for  the  loading  tensities  of  1-5®?  g/co  and 
1-301  g/cc  (tifo  jKslnt  e3ctra|»lati«i  only)  -  Sils  gives  the 
vali»s  shoim  in  Sable  2.  If  a  linear  B,  vs  p_  la  also  aesisiaed,  tisse 
data  giv^ 


D, (cES/Usec)  »  1.3^  -i-  2.913  p_ 

A  ^ 


(I) 


as  tlas  infinite  diaseter  relationship  for  1^,  we  realise  that  3q,  (1) 
coold  be  far  better  established  alts  a  lai^r  *n2sl>er  of  c^temlnati'^^s, 
but  oar  sspplj  of  fine  vas  llsit^.  1^.  (1)  is  adeq^te  as  a 
gul^  to  the  B  *  B(p^,d)  pattern  of  l}^  and  seess  to  be  ^ae  smly  Bj^ 
vs  p„  curve  available  for  this  ^terlal.  ^reoiser.  It  is  sK^^rted 
by  sose  seasar^sests  carried  <sjt  <si  oj^sfintd  eisi  internally  boostered 
coarse  1^,  as  will  be  sbs^a.  Fig.  2  shows  the  B  *  B{p^,d)  ^ttem 
for  B^.  It  is  a  iK?rsal  1  pattern. 

C<^l2%£ent  should  iscrea^  the  detmabili^  C^^crease  the 
critical  disaaeter)  of  coarse  i^.  To  as^ss  this  effect,  probe 
seasure^nts  were  s^ie  confined  coarse  mi,  253?;  they  are  given 
in  ^able  3*  Ihls  lot  of  In  gap  test  csnflsssent  exhibits  B 
values  very  close  to  tlK>^  of  xiss  tins  ^tonating  izurtsflned  in 
?,&  C3S  dlasseter  ci^r^s  (see  ^sble  2);  it  is  ^rtainly  ^t^smtlng. 


*  As  iu$ted  above,  t^swever,  it  mis  very  ea^  to  initiate  a  vigoroaa 
reacticns  with  the  donor  shc<^.  ^jr  -d  *  7--fe  c®,  P^  *  0,70  to  1.;^ 
g/cc,  reaction  fr<»ts  of  slowly  decreasing  velocities  of  3b^n;t  2,^0 
to  4.77  sstiii^c  leers  observed,  .4t  -  I.50  g/cw  or  a  =  5-1  tm 

failure  ^as  micb  fssre  rapid. 
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Detonation  Velocity  Measurements  on  Pine  DNT,  X628 
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TABLE  3 

D  Measurements  by  Probes  on  Coarse  DNT,  X587* 


Shot  No. 

Oo 

g/cc 

D 

mm/lJLsec 

ff 

1 

1.00 

3.788 

0.013 

2 

1.00 

3.772 

0.037 

3 

1.50 

Failed 

4 

1.50 

5.908 

0.051 

*CharKes  confined  in  12  in.  length  of  standard  gap  test  tubing  bored 
to  take  probes*  Detailed  messurements  given  in  Appendix. 
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®»is  increase  In  the  effective  diameter  by  confinement  is  important^ 

because  of  ti»  conditional  relationship  between  d  at  P  ,  i.e.,  only 

c  g 

for  d  >  d^  can  detonation  be  achieved  and  hence  a  sensitivity 
(?g)  to  shock -to-detonat ion  transition  measured.  Because  this  con¬ 
dition  is  satisfied  for  coarse  DOT  in  the  rar^e  1.0  to  1.5  g/cc  aiwl 
in  the  gap  test  cor»firement,  meanir^ful  shock  sensitivity  measure¬ 
ments  (Pg)  can  be  nAde.  (The  particle  size  effect  cn  shock  sensi¬ 
tivity  is  small  c<»ipared  to  Its  effect  on  critical  diameter.) 

Finally,  the  failure  of  shot  5  (Table  5)  at  =  I.50  g/cc  siiggests 
the  possibility  that  dead  pressing  occurs  in  this  material. 

Another  check  of  the  detonation  pattere  of  Fig.  2  and  of  the 
ideal  curve,  Eq.  (1),  was  made  on  an  80/20  mixture  of  DNT/RDX.  Ilie 
DOT  was  coarse  (^87);  the  RDX,  medium  fine  (Type  B,  Class  A).  Tke 
results,  detonation  velocity  as  a  function  of  charge  diameten  are 
given  in  Table  4  axvi  plotted  in  Fig.  5  idiich  also  shows  the  extrapola^ 
tion  to  the  infinite  diazoeter  valtte  D^  of  the  mixture.  Since  the 
chargee  were  of  low  porosity  (99*^  1^),  the  additivity  mile  for 
H.E.  mixtures  should  be  applicable.  It  gives  for  pure  DOT,  D^  *  6.25 
BiQ/p.sec  at  Pq  =  1.5075  g/cc.  At  the  same  dens5ty  Eq.  (1)  predicts 
6.23  Bn/iisec  which  is  an  excellent  check. 

Detonability 

Table  2  contains  the  velocities  measured  on  charges  of  fine  DOT 
which  detonated.  Table  5  presents  the  failures  that  were  observed 
and  SiBoiarizes  the  failure  limit  data  obtained  by  combining  the  re¬ 
sults  of  both  tables.  Fig.  4  is  a  plot  of  the  resultant  detonability 
mirve.  It  lies  somewhat  above  and  to  the  right  of  the  limit  curve  for 
MQ-h^  azwi  far  below  and  to  the  left  of  the  limit  curve  of  the  coarse 
DOT,  X587.  Over  most  of  the  fSfSS)  range,  the  fine  DOT  has  a  greater 
d  than  does  NQ-h,  but  the  two  curves  cross  at  875^  TMD.  At  aiKt  above 

V 

TMD,  therefore,  the  Nft-h  has  a  greater  d_  than  DOT.  It  should  be 

w 

noted,  however,  that  the  tl^-h  and  DOT  ^87  are  about  cocq>arable  in 
particle  size  (ca.  IOO-I5011)  idiereas,  the  fine  DOT  consists  of  J-lOu 
particles.  It  can  be  concluded  that  tl»  propagation  of  detonation  is 
much  more  difficult  in  DOT  than  in  any  of  the  other  H.E.  studied 
except  NQ-h. 
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TABLE  4 

Detonation  Velocity  of  DlfP/RDX,  80/20 


Shot  No. 

Po  * 
g/cc 

d 

cm 

D 

ma/usec 

®8 

559 

i.560 

2.54 

5.934 

5.924 

5.924 

560 

1.558 

3.495 

6.573 

6.552 

6.^2 

561 

1.556 

5.08 

6.699 

6.^3 

6,^4 

562 

1.554 

7.62 

6.751 

6.648 

6.651 

'  6.75 

Bia/|ieec  at 

pQ  •  1.^6  g/cc 

(99.185®1WD) 


*  »  1.569  g/cc 

Coarse  MR?,  X58? 

Neditra  RDX^  X597  (Type  Class  A) 
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TABI£  3 

Failures  Observed  on  Fine  Mff,  X&ZB 


Fallore  at 


Shot  NOo 

d 

cm 

l?cc 

d 

ca 

518 

5. OS 

l.OOlh 

15.2 

511 

2.54 

O.^XSif 

5.7 

506 

1 

I.OOIH* 

iS.fw 

512 

1.204H 

6.^ 

513 

1 

1.406S^ 

582 

♦ 

1.51^1 

<10.2^ 

573 

1.97 

1.5071® 

<7.9^ 

Siss^ary  of 

Betonablllty 

Bata  (Tables 

2  and  5) 

g?cc 

cm 

d. 

1.00 

7.62 

5.08 

1.16 

5.08; 

2.54 

1.30 

3.81* 

2.54 

1,40 

5.08 

2.5^ 

1.506 

2.54 

1.51^ 

2.54 

a.  Preliminary  laborati 

*  Record  tmggfiKtB  tills 
Is  very  near  d^. 


b.  Booster  only  2.54  cai  Iob^,  by  error, 

c.  Shavings  froe  previous  charges  used. 

d.  Ho  trace  on  record;  unreacted  HfftS  recovered. 
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NJi-h  shows  a  definite  reversal  of  its  detonability  curve  at 
higher  densities*  a  dead  press  phenaaenon,^  Bie  limit  curve  of  Pig.  4 
only  sii^ests  this  possibility  for  WET  by  its  curvature  near  the 
crystal  density,  ®ie  two  failures  observed  at  >  1.507  g/cc 
(Table  5)  also  indicate  the  possibility  as  does  the  one  failure  of 
coarse  DJfT  at  1.5  g/cc  (Table  5).  Subsequent  wox%  in  the  gap  test 
configuration  confirmed  the  fact  that  DOT  does  exhibit  dead  pressing 
although  not  as  readily  as  }^*h. 

The  trend  of  Pig.  4  is  definitely  that  of  a  Group  1  material  as 
would  be  expected  from  the  D(p^,d)  pattern  of  Fig.  2.  Nevertheless, 
it  seems  likely  for  the  reasons  given  above,  that  DOT  in  some 
particle  sise  distribution  and  state  of  ccxnpaction  will  exhibit  a 
reversal  in  its  detonability  similar  to  that  shown  by  N^-h.  On  the 
high  density  branch  of  the  limit  curve,  it  would  be  expected  to  show 
a  Group  2  (e.g.,  ajanoniuBQ  perchlorate)  behavior  pattern.  It  should 
be  noted  that  the  present  fine  DOT  has  a  d^  comparable  to  that  of  fisie 
AP’s  in  the  JO  to  75  percent  THD  rai^e.  Table  6  compares  the  present 
results  for  fine  IHIT  with  Nft-h,  AF's,  DATS,  and  TATB. 

Shock  Sensitivity 

Shock  sensitivity  was  studied  on  coarse  DOT  because  the  fine  DOT 
was  available  only  in  limited  supply.  However,  t}»  work  on  nitro* 
guanidine^  showed  that  the  particle  size  effect  on  shotdc  sensitivity 
is  small  (particxilarly  as  coc^ared  to  the  effect  on  critical  diameter) 
provided  that  the  test  material  is  detonating  and  !X>t  m^ergoing  a 
vigorous  but  subdetonation  reaction.  Moreover,  the  shock  sensitivity 
curves  (P^  vs  p^)  of  the  fine  and  coarse  NQ  approach  each  other  as 
p^  increases. 

Table  7  contains  the  few  gap  test  xesults  on  coarse  DOT,  lot 
J5&1.  The  very  high  P^  required  to  initiate  the  98.9  percent  TMD 
charge  indicates  that  dead  pressing  should  occur  at  some  jSTMP  >98. 99$ 
(that  limit  was  tl^  highest  ccmq>action  of  the  coarse  material  that  we 
could  obtain  in  our  press).  Of  course,  the  fact  that  cast  WIT  could 
not  be  initiated  to  detonation  in  tl^  same  configuration  (See  l^ble  7) 
strengthens  the  expectation  that  dead  pressing  will  occur  at  some 
high  coc^ction. 
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After  lot  X587  of  the  coarde  DNT  was  exhausted,  lot  N137,  a 
somewhat  coarser  DNT  was  obtained.  Gap  test  results  on  this  material 
are  given  in  Table  8.  Surprisingly,  it  was  impossible  to  compact 
this  material  to  a  dead -press  density  (in  the  gap  test)  or  even  to  as 
insensitive  a  state  as  was  achieved  with  lot  X537.  However,  the  shots 
made  at  smaller  diameter  (data  at  bottom  of  Table  8)  show  that  if  the 
acceptor  and  its  confinement  were  scaled  to  0.7  the  standard  test 
dimensions,  dead  pressing  occurred  between  93  and  97  percent  IM). 

In  the  region  79-985^  15®,  the  regular  gap  test  results  gave  a 
normal  sensitivity  curve  for  this  material:  Pg  increases  with  in¬ 
creasing  The  curve  is  shown  in  Pig.  5  where  it  is  compared  to 

sensitivity  curves  for  NQ-h,  TATB.  DATS,  and  TNT.  (References  for 
these  curves  a2?e  given  in  Table  9*)  All  of  these  materials  except 
TNT  give  negative  results  on  the  Impact  test®*^^”^,  i.e.,  they  are 
difficult  to  iijnite  even  in  powder  form.  In  the  LSOT,  there  is  in¬ 
creasing  difficulty  of  ignition  tinder  shock  in  the  order  TNT,  DATE, 

DNT,  TATB,  and  NQ-h.  The  last  is  by  far  the  most  difficult  to  Ignite 
and  exhibits  dead  pressing  in  the  regular  gap  test  (with  consequent 
reversal  of  its  detonability  curves)  in  the  higher  range  of  35®. 

We  have  not  been  able  to  demonstrate  that  any  of  the  other  Group  1 
explosives  will  show  this  phenomenon  in  the  regular  gap  test  although 
DNT,  X587,  and  TATB  seem  to  be  headed  toward  dead-pressing  at  lOQ^  TI®. 
The  two  dashed  curves  of  Pig.  5#  for  TATB  and  DATE,  have  been 

derived  from  small  scale  gap  test  (SSGT)  data  and  their  correlation 

12 

with  the  LSOT  data  described  in  previous  work  ,  Testing  the  shock 

sensitivity  of  DNT  to  detonation  in  the  SSGT  is  impossible.  NQ-h 

will  not  detonate  in  the  SSGT^^^^,  and  DNT  has  a  critical  diameter 

which  is,  over  most  of  the  %  35®  range,  even  larger  than  that  of  NQ-h. 

Hence  DNT  is  subcritical  in  the  SSGT, 

The  dotted  portion  of  the  TATB  curve  in  Pig.  5  is  for  the  region 

of  %  35®  >  95J^  where  a  good  correlation  does  not  exist  between  the 

LSGT  and  SSGT  results.  A  sharp  Increase  in  gradient  of  the  LSGT 

Q  14 

shock  sensitivity  curve  has  been  found  only  for  NQ-h^,  AP  ,  and  AP 
l4 

mixtures  ,  and  in  each  case  it  signals  the  occurrence  of  dead¬ 
pressing.  On  the  other  hand,  it  occurs  commonly  in  the  SSGT  shock 
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Negative  Material  does  dead  press  at  0,7  scale  of 

regular  test. 


LSGT  50%  PRESSURE  P-(KBAR) 
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LSGT 

CONVERTED  SSGT  VALUES 

BEYOND  REGION  OF  ESTABUSHED  CORRELATION 


NQ-h| 


TATB(X335) 


t 

/ 

/  DNT(NI37) 
'  n 


yP 

/  DATB{X315) 


OATBiX^ 


TNT(X412) 


PERCENT  THEORETICAL  MAXIMUM  DENSITY  {%TMD) 

FIG.  5  COMPARISON  OF  SHOCK  SENSITIVITY  OF  DNT  WITH  THAT  OF  SOME  OTHER  EXPLOSIVES 
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TABLE  9 

Source  of  Cwnparative  Shock  Sensitivity  Curves  of  Pig.  5 


Material  Reference 


Conanent 


NQ-h 

9 

DATS,  X551 

12 

TNT,  X412 

12 

TATB,  X406 

12 

TATB,  X335 

13 

DATE,  X515 

13 

Average  particle  size  up  to  lOOu 

”  "  ”  50-l<X^,  production  lot 


50-100uj  production  lot 


CONVERSION  OF  SSQT  VALUES  TO  LSGT  VALUES^^ 


*  Data  for 
Particle 


50?^  Point 


PqCs/oo) 

j^THD 

DBG 

SSQT,  P„ 
(kbar)  ® 

L^T,  P^ 

(kbar)  ® 

DATE, 

X315 

1.233 

67.12 

6.94 

31.2 

25.0 

1.455 

79.20 

7.38 

35.8 

28.5 

1.601 

87.15 

7.88 

42.2 

33.2 

1.676 

91.24 

8.10 

45.3 

34.8 

1.761 

95.86 

9.00 

60.8 

43.2 

TATE, 

X335* 

1.519 

78.38 

7.92 

43.2 

33.7 

1.645 

84.88 

8.56 

52,5 

39.3 

1.762 

90.92 

9.63 

74.1 

48.8 

1.840 

94.9^ 

11.10 

117.5 

62.5 

1.887 

97.37 

13.47 

162.2 

83.0 

TATE,  X406 

of  Reference 

12  give  almost  coincident  curve 

size  of  these  lots  is  unknowri. 


21 


NOLTR  69-92 


12 

sensitivity  curves  .  The  similarity  suggests  that  many  materials  are 
approaching  a  dead  press  limit  near  lOOJ^  TMD  in  tt»  SSGT.  Difference 
in  the  location  of  such  a  limit  in  the  two  cases  probably  arises  frwn 
the  difference  in  the  value  of  the  ratio  of  the  effective  test 
dian^ter  to  the  critical  diameter  (larger  for  the  LSGT)  and  the  lesser 
insulation  of  hot  spot  areas  in  the  smaller  test.  Ignition  at  low 
porosity  will  be  equally  difficult  in  both  cases >  but  propagation  of 
either  burning  or  detonation  should  be  more  difficult  in  the  smaller 
test. 

Finally  it  should  be  mentioned  that  the  chemical  energy  released 
by  decomposition  must  have  a  role  in  affecting  both  ease  of  ignition 
and  propagation  although  it  alone  is  insufficient  to  determine  shock 
sensitivity  ordering.  ®ie  shock  sensitivities  shown  in  Pig.  5  are  in 
the  same  approximate  order  as  the  computed  energy  release  in  detona¬ 
tion,  but  fine  AP  (with  a  lower  chemical  energy  than  any  of  them) 
ranges  in  shock  sensitivity  from  that  of  DATS  to  less  than  that  of 
NQ-h,  depending  on  its  %  WD, 

GENERAL  CONSIDERATIONS  OP  SHOCK  SENSITIVITy  AND  OSTONABILm 

Every  study,  such  as  that  of  the  present  report,  contributes 
something  to  our  general  knowledge  of  the  shock  sensitivity  and 
detonability  of  explosives.  It  is  therefore  appropriate  to  give  here 
a  brief  revised  summary  of  our  present  view  of  the  whole  field. 

The  variable,  ^  TMD,  is  related  to  the  percent  porosity  or 
(100  -  %  TMD),  Hence  it  is  a  relative  measure  of  internal  surfaces 
available  for  ignition  and  reaction.  It  is  only  relative  because 
a  different  particle  size  distribution  will  give  different  size  voids 
and  a  different  sensitivity  curve.  But,  as  we  have  pointed  out 
before,  the  difference  in  P  la  not  very  large  and  two  curves,  cor- 
responding  to  two  different  particle  size  distributions,  tend  to  be¬ 
come  coincident  at  high  compaction  (high  %  THD) .  Hence  the  trend  of 
the  usual  shock  sensitivity  curve  Pg  vs  ^  TMD,  shows  that  ignition  by 
shock  becomes  more  difficult  as  the  amount  of  Internal  surface  de¬ 
creases.  For  any  series  of  cold  pressed  charges,  %  TMD  is  a  valuable 
guide  to  both  shock  sensitivity  (P_)  and  detonability  (d  ).  There 

O  ^ 

seems  to  be  some  relationship  between  Pg  and  d^  within  any  given 
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cold-pressed  series,  but  it  must  be  a  very  limited  one.  Change  of 
explosive  particle  size  effects  a  very  large  change  in  d^  and  only  a 
moderate  one  in  P^.  Moreover,  the  trends  of  P„  and  with  %  Sffl 
are  opposite  for  Group  1  explosives  and  the  same  for  Group  2  explo¬ 
sives.  Consequently,  'ihere  is  no  evidence  of  a  general  relationship 
between  and  d^  for  pressed  charges,  and,  as  we  shall  show  below, 
very  little  evidence  of  one  for  more  homoger»ous  explosives. 

Another  way  (besides  ccxnpaction)  of  decreasing  internal  surface 
or  changing  its  reactivity  or  both  is  by  changir^  charge  preparation. 
Thus  for  castable  explosives,  charges  wfilch  are  pressed,  hot  pressed, 
cast,  and  single  crystal,  respectively,  range  from  relatively  large 
to  near  zero  internal  surface.  In  such  a  series  of  charges  with  a 
high  {96-100)  %  THD,  density  or  ^  IKD  is  ’'.o  longer  useful  in  pre¬ 
dicting  either  P^  or  d^.  Instead,  the  dtmiinant  factor  seems  to  be 
the  extent  to  which  the  charge  approximates  perfect  physical 

homogeneity  (a  perfect  single  crystal).  Both  P_  and  d  show  large 

s  ^ 

increases  as  true  homogeneity  is  approached, 

Ihe  two  cases:  (a)  clearly  hetert^eneous,  porous,  granular 
charges  (jSlKD  dominant  factor  and  particle  size  distribution  a 
secondary  factor)  and  (b)  an  approximately  homogeneous  state  (degree 
of  homc^eneity  dominant  factor)  cam  best  be  illustrated  with  TST 
data.  For  case  (a),  the  Pg  vs  ^  !I5>1D  trend  is  that  shown  in  Pig.  5 
with  maucimum  P  of  25  kbam  at  9^  IMD.  But  seven  typical  cast  chau:ges 

o 

of  TNT  ramged  from  26-46  kbau*  in  P  amd  one  cast  TNT,  prepau^d  by 
very  slow  cooling  of  the  mold,  was  off-scale  because  it  could  not  be 
initiated  to  detonation  in  the  gap  test.  These  cast  charges  were 
all  high  density  (96-985^  IM))  and  indistinguishable  by  this  variable. 

The  large  effect  of  the  cooling  schedule  indicates  that  I»i*e  h<»n<^eneity, 
especially  as  affected  by  grain  size,  is  the  dominamt  factor  In  de¬ 
termining  ignltabillty  under  shock  (P  ).  Hence  cast  TOT?  fa^.ls  under 
case  (b)  above.* 

*  It  seems  reasonable  to  consider  a  ma.Jor  difference  between  pressed 
and  cast  TOT  (at  the  same  density)  as  many  and  \iniformly  distributed 
small  voids  compared  to  few  and  randomly  distributed  larger  voids, 

A  second  difference,  when  the  cast  material  closely  approximates 
homogeneity,  is  small  crystals  in  che  pressed  and  large  crystals  in 
the  cast  TNT. 
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•Rje  qualitative  interpretation  of  these  data  seems  straight¬ 
forward.  I^?r  case  (a)  ignition  is  a  surface  phenomenon  controlled 
by  the  number  of  hot  spots  formed  under  shock.  !I5iese  in  turn  depend 
on  the  porosity  (measured  by  ^THD),  number  and  shape  of  voids,  amount 
of  internal  surface  and  its  reactivity.  Per  case  (b),  at  Its  ex¬ 
treme  of  a  perfect  crystal,  there  is  no  internal  stirface,  and  igni¬ 
tion  (ti^rmal  explosion)  must  occur  within  hcaiK^eneous  material  as  a 
result  of  bulk  heating  caused  by  shock  compression.  This  seems  the 
only  shock  ignition  .mechanism  for  completely  hcHoc^eneous  explosives, 
aiKl  the  data  on  approximately  homc^eneous  (cast)  TffT  suggest  that  it 
is  the  daaiTiant  factor  in  the  approxixBately  homc^eneous  region  of 
case  (b). 

For  completeness  it  should  be  noted  that  although  tte  approxi¬ 
mate  hOTiogenelty  of  case  (b)  has  been  obtained  by  the  method  of 
charge  preparation  (e.g.,  a  casting  or  forming  a  single  crystal 
instead  of  ccanpactlng  smal3-  crystals),  it  is  also  obtained  by  ex¬ 
tending  the  range  of  canpaction.  ®ius,  both  castable  and  non¬ 
castable  explosives  can  be  made  non-detonable  (in  given  dimensions) 
by  dynamic  precesupression  to  103^  or  IIQ^  A  major  effect  of 

such  preliminary  shocking  of  compacted  chaoges  would  be  to  sqi^eze 
out  all  Internal  voids  and  elliiilnate  internal  surfaces  wl»re  hot 
spots  could  form.  In  other  words,  the  precaapressed  material  would 
have  to  be  ignited  by  bulk  compression  heatli^  or  not  at  all. 

To  cover  both  cases  (a)  and  (b),  we  need  an  ignition  index 
which  IncludcSi,  properly  weighted,  all  of  the  conditions  that  will 
affect  ignition  under  shock.  In  the  region  of  the  ccsapacts  such  am 
index  would  take  account  chiefly  of  available  hot  spot  sites*;  in 
the  aipproximately  honjoger^eous  region,  it  would  indicate  degree  of 
h<mK)genelty  amd  compression  (precompression  will  govern  the  heat 
generated  by  subsequent  compression).  In  both  regions,  it  wo^^ld  also 

*  For  pure  materials  such  sites  would  be  expected  to  be  voids  (high 
staignation  temperatures  fr<»a  impacted  spalls  or  Jets)  or  pau^lcle/ 
particle  boundaries.  But  one  material  embedded  in  another  producer 
another  type  of  heterogeneity  where  shock  interactions  can  create 
hot  spots. 
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include,  of  course,  the  activation  and  reaction  energies,  factors 
that  determine  the  ignitabillty  of  the  partlctilar  explosive.  If  such 
an  iiKlex  could  be  used  instead  of  %  15®,  all  of  ths  curves  of  Pig.  5 
should  show  a  very  sharp  upward  ber^  at  the  point  where  the  material 
approaches  non-detonabllity  under  LSCH*  conditions. 

Ihe  explosive  for  which  the  most  complete  data  are  available  on 
detonability  and  shock  sensitivity  is  TKT.  Ihese  data  are  assembled 
in  l^ble  10  and  have  been  used  to  construct  the  qualitative  cusn^s  of 
Fig.  6  where  shock  seissltlvity  anJ  critical  diameter  are  shown  as  they 
would  be  expected  to  vary  with  the  ignition  i'  dex  Hie  loi^r  rai^e 
of  A  corresponds  to  the  cold  pressed  charges ;  these  TJ«T  chaises  are 
poreus  in  the  literal  sense  of  being  perc^able  by  liquids.  Hie  upper 
range  of  '  covers  non-pcrous  chaxges  am  runs  frcsn  cast  to  single 
crystal  and  highly  preccm-pi^ssed  explosive.  Porous  charges  can  be 
converted  to  non-porcus  only  dynamically.  Otherwise,  the  method  of 
preparation  deteraines  the  perc^ability . 

Pig.  6  has  been  drawn  to  emphasize  that  ?  and  d  vary  ii-  the 

5  ^ 

same  manner  for  a  chemically  homc^eneous,  approximately  physically 
hc«si«eneous,  non-porous  HU'  charge.  For  porous  charges,  P_  and  d 
vary  in  the  sauae  way  for  Group  2  isaterials,  but  in  opposite  directions 
for  Group  1  materials  as  Pig.  6  illustretes  with  1^.  It  seems 
reasonable  to  assume  that  the  same  factor  is  d<xalnant  in  both 
measurements  {P^  and  d^)  in  region  (b)  and  that  that  factor  is  ig- 
ni tab-ill ty  under  shock.  For  TJfT,  the  single  crystal  limit  of  region 
(b)  is  a  voidless  solid,  and  both  ignition  and  propagation  must  be 
hjsnogeneous  processes.  In  region  (a),  on  other  hand,  we  expect 
ignition  to  be  a  surface  phenomenon,  i.e.,  heterc^eneous,  whereas 
propagation  can  conceivably  be  by  surface  or  bulk  reaction  or  both. 

By  the  domination  of  the  heterogeneous  n^chanlsms  in  Ignition  and  of 
the  hcsnc^eneous  in  propagation,  it  is  possible  to  have  the  opposite 
trends  of  and  shewn  in  region  (a)  for  TKT. 

Evei^’  explosive  is  expected  to  show  a  shocK  sensitivity  curve 
like  that  cf  Pig.  6.  However,  tiie  division  bet^^n  r^ions  (a)  and 
(b),  which  should  occur  at  the  same  value  of  our  ignition  index  A, 
will  occur  at  different  ^  IS®  and  method  of  preparation.  For  exas^le, 
it  occtirs  in  DJfT  Just  above  99^  H®  (cold  press)  and  soiseidiat  below 
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cast  DN*T.  The  peneral  detojsat  llity  curve  is  U  shaped  as  we  have  re- 

Q 

ce;.tiy  shown  .  Again,  its  niinimuin  d  should  occur  at  the  sa!%  value 
of  the  Ignition  index  In  fact,  it  occurs  at  high  %  T?1D  for 
Group  1  niaterials,  at  low  5S  TfiD  for  Group  2.  Whether  it  will  be 
possible  to  devise  an  ignition  index  capable  of  describing  the  be¬ 
havior  of  all  explosives  retrains,  of  course,  an  cpen  question. 

Although  P  and  d  show  the  same  trends  witn  \  In  region  (b)  for 
S  c 

a  pure  compound,  there  seems  no  obvious  relationship  between  ar^ 

d^  fr<»n  compound  to  coa4>ound.  This  is  Illustrated  by  the  data  of 

Table  11  for  three  liquids  and  one  single  crystal,  forms  in  which  it 

is  reasonable  to  expect  all  four  explosives  tc  be  in  the  (b)  region. 

Fig.  7  shows  that  all  four  of  these  materials  require  high  irJ.tiation 

P3?essxires  as  would  be  expected  ■^hen  bulk  compression  i*  the  only 

mechanism  for  heating.  'Hius  P.  rar^es  frrxn  32  to  112  kbar.  But  d 

varies  frisn  2  to  68  nan  and  shows  no  obvious  correlation  with  P^^.  In 

the  more  ccwipiex  case  of  voidless  but  chemically  {and  t^nce 

physically)  heteroger»ous  charges,  e.g.,  aluminized,  the  trends  in 

P  and  d  with  A1  content  can  be  the  saise  (plastisol  propellant)  or 

opposite  {TJJT).  A  great  deal  more  work  is  needed  to  clarify  factors 

affectir.g  both  ?  and  d  . 

g  c 

SI^yARY 

1.  DNT  shows  Group  1  explosive  behavior  by  both  detonation 
velocity  pattern  and  detonabillty  limit  curve. 

2.  At  98*99^^  ’n'iD,  it  appears  to  be  approaching  a  dead  press 
limit  in  the  LSGT.  Hence  a  reversal  in  its  detonabillty  curve  is 
probable  at  high  compaction. 

5.  Itie  infinite  dianveter  detonation  velocity  is 

D,  (nsn/iisec)  =  l.-o^  -  2.9I3P- 

This  is  oased  on  too  few  experiments  to  be  highly  reliable,  however. 

4.  The  detonabillty  curve  of  (,5-iOu)  K5T  lies  closest  to  that 
of  1^-h  amon^.  explosives  which  have  been  studied. 

5.  The  shock  sensitivity  curve  of  KJT  lies  bet'««»en  that  for 
DATE  (production  quality)  and  TATB, 
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TABLE  11 

Measuresents  of  «•  Initiation  Pressure  i?,)  on  H<sECges«s2S  Scplosi^es 


Material 

?OIS 

(kbar) 

m 

t,  20*C 

1.13 

s„a 

lB“ 

T»r 

/,  31-83*C 

1,4? 

,010“ 

SIS 

t,  so*c 

1.^ 

c.  ^ 

PETS 

single  crystal 

1.T7 

e.  A.  W.  x^obell,  ».  G.  Davis,  and  J.  R.  Travis,  ^rrs.  Fluids  ^ 

4^(1961) 

b.  A,  ¥.  Cagpbell,  H,  S.  Ifelin.  arsd  T.  E.  Hollar^,  J.  Ai^l.  ifeys, 

il,  ^3(1956) 

c.  Table  10 

d.  ¥.  3,  Ilyukin  a?s  ?.  ?.  Pskhil,  Akad.  &u>  140.  IfO 

{19€X}  thru  RSXC-*125 

e.  A.  F.  Belyaev  arsd  H.  Kh.  Kurt^r^lir^.  Russian  J-  l^s.  Cfeea. 
g4,  284(1960} 

f.  T.  E.  HoUai^,  A,  ¥,  Casohell,  ass  K,  £.  liaiin,  J.  Apol.  ^qrs. 

26,  i217{l^^ 
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NOTE  ADDED  IN  PRESS:  Corrections  made  to  the  measured  detonation 
velocity  are  based  on  two  assumptions:  spherical  expansion  of  the 
detonation  front  with  distance  of  travel  and  an  increase  in  the 
radius  of  curvature  of  the  front  passing  from  the  booster  to  am  ac¬ 
ceptor  of  lower  detonation  velocity  (e.g.,  DNT).^  In  very  ^recent 
work  we  have  foixnd  a  number  of  situations  for  which  these  assumptions 
are  incorrect.  Hence  we  do  not  feel  that  the  corrections  made  to  the 
measured  D  values  of  this  report  cam  be  justified  without  am  addi¬ 
tional  study  of  the  detonation  wave  profiles  in  DNT.  Both  the 
’’corrected"  amd  uncorrected  data  lead  to  the  saune  conclusions  except 
for  a  small  change  in  Eq.  (1).  This  becomes 

D^  (mm/p-sec)  *  I.96  +  2.913p^ 
when  derived  from  the  measured  D  values. 
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APPENDIX 

Supplementary  Data 

Table  A1  contains  the  Ro-Tap  Sieve  Analyses  of  DNT  3087  and 
N137<  Table  A2  contains  all  the  pin  measurements  which  were  sum 
marized  in  Table  3  of  the  text. 
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TABLE  A1 

Ro-Tap  Sieve  Analyses  of  DNT 
(lOOg  samples) 


Lot  X587 


Screen  Wo. 

60 

100 

140 

200 

230 

270 

Pan 

”  opening, p. 

250 

149 

105 

74 

62 

53 

— 

Retained,  Run3,g 

24.4 

31.5 

16.4 

13.6 

6.1 

5.2 

2.1 

Retained,  Run  2,g 

23.4 

30.1 

16.9 

13.6 

6.8 

5.5 

5.6 

Ey  microscopic  examination,  this  material  consisted  of 
chunky  cylinders  with  iM  of  4  to  7. 

Lot  N137 

Screen  No. 

10 

14 

18 

30 

60 

Pan 

"  opening, p. 

2000 

1410 

1000 

590 

250 

mm  mm 

Retained,  g 

0.6 

0.5 

2.1 

6.8 

71.7 

18.0 

This  material 

too  was 

1  in  the 

form  of  chunky 

cylinders  with 

and  Vd  of  2  the  most  common. 
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TABLE  A2 

Details  of  Measurements  Svumnarlzed  in  Table 
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